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ABSTRACT 
The ASTM standard B 575 provides the requirements for 
the chemical composition of Nickel-Chromium-Molybdenum 
(Ni-Cr-Mo) alloys such as Alloy 22 (N06022) and Alloy 686 
(N06686). The compositions of each element are given in a 
range. For example, the content of Mo is specified from 12.5 to 
14.5 weight percent for Alloy 22 and from 15.0 to 17.0 weight 
percent for Alloy 686. It was important to determine how the 
corrosion rate of welded plates of Alloy 22 using Alloy 686 
weld filler metal would change if heats of these alloys were 
prepared using several variations in the composition of the 
elements even though still in the range specified in B 575. All 
the material used in this report were especially prepared at 
Allegheny Ludlum Co. Seven heats of plate were welded with 
seven heats of wire. Immersion corrosion tests were conducted 
in a boiling solution of sulfuric acid plus ferric sulfate (ASTM 
G 28 A) using both as-welded (ASW) coupons and solution 
heat-treated (SHT) coupons. Results show that the corrosion 
rate was not affected by the chemistry of the materials in the 
range of the standards. 
Keywords: N06022, N06686, Heat Composition Variability, 
Corrosion Rate, ASTM G 28A 
INTRODUCTION 
The composition of engineering alloys such as Alloy 22 
(N06022) and 686 (N06686) is given by ASTM standards (B 
575). [l]  When the alloys are commercially produced their 
chemical composition may vary slightly from heat to heat while 
still within the boundaries of the standard specification. 
The fabrication history of the original welded plates 
studied here is given in more detail elsewhere. [2-31 Basically, 
wrought plates with seven different heats (A through G) of 
Alloy 22 (Table 1 in Appendix A) were welded with weld wire 
from seven different heats (1 through 7) of Alloy 686 (Table 2 
in Appendix A). The Alloy 22 plates were nominally 1-inch 
thick. The Alloy 686 or ERNiCrMo-14 weld wire was 0.0625- 
inch diameter and met the specifications of ASME SFA-5.14. 
[4] The welding method was gas tungsten arc welding 
(GTAW). Welded specimens from these 49 resulting plates 
were studied both in the as-welded (ASW) condition and in the 
solution heat-treated (SHT) (annealed) condition. The solution 
heat treating or annealing was carried in air at 2075°F for 1 h 
plus rapid cooling (water spraying). [2-31 Immersion corrosion 
tests were carried out in a boiling solution of sulfuric acid and 
ferric sulfate (ASTM G 28 A). [5] 
The objective of this study is to show if small variations in 
the heat chemistry can affect the corrosion performance of 
Alloy 22 and Alloy 686. 
EXPERIMENTAL 
Preparation of the Corrosion Coupons 
The test material was delivered to Lawrence Livermore 
National Laboratory in the form of 1-inch thick welded plates. 
There were two types of plate strips: (1) As-Welded (ASW) 
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Table 4 shows the corrosion rate results from the 
immersion testing. Figure 4 shows the corrosion rate for all the 
ASW coupons. Corrosion rate data are single values for each 
base-weld wire chemistry combination. Nonetheless, it is 
apparent from Figure 4 that the corrosion rate for most plate- 
weld wire pairs was between 0.8 and 1.2 mdyear.  The 
corrosion rate of wrought and welded Alloy 22 from the 
literature and factory data is approximately 1 mdyear  (40 
mpy). [6-121 Figure 4 shows that there were a few coupons in 
the middle of the graph that had slightly higher corrosion rates. 
These coupons were prepared using Weld Wire 4 and base 
metal with “rich” chemistry (Heats E, F and G) (Table 1). It is 
likely that the rich chemistries accelerated the precipitation of 
deleterious ordered phases during welding, which later 
increased the corrosion rate of the coupons in the HAZ. 
Figure 5 shows the corrosion rates for the ASW + SHT 
coupons. Figure 6 shows comparatively the corrosion rates for 
the ASW coupons (Figure 4) and the ASW + SHT coupons 
(Figure 5). In general the corrosion rates of the ASW + SHT 
coupons were higher than for the ASW coupons (Figure 4), 
probably because of the dissolution (or detachment) of the 
black oxide scale from the top surface of the ASW + SHT 
coupons (Figure 3). That is, the values plotted in Figure 5 are 
not true corrosion (dissolution) rates (compare later with values 
in Figure 8). The testing electrolyte was darker after the tests 
for the ASW + SHT coupons (top layer) than for the ASW 
coupons (top layer), suggesting more contamination of the 
electrolyte in the case of the ASW + SHT coupons due to the 
dissolution of the air oxidized scale. Mori et al. have shown 
.that the corrosion rate of Ni- Cr-Mo alloys in ASTM G 28 
solutions is highly dependent on the surface finish of the 
coupons. [I31 Figure 5 shows that the corrosion rate of the 
ASW + SHT coupons seemed to increase for higher number 
weld wire heats. The higher number weld wire heats 
correspond to “richer” chemistries (Table 2), that is, the 
material that contained the highest amounts of Cr, Mo and W 
allowed in B 575. Again, similarly to the data for ASW 
coupons (Figure 4), the ASW + SHT coupons welded with 
Wire 4 had higher than expected corrosion rates. 
It has been reported previously that the Base Heat G did 
not meet the elongation to failure, required for wrought NO6022 
material, during mechanical testing. [2-31 Weldments produced 
using Wire 4 produced poor mechanical properties of the 
material (e.g. reduced tensile strength and low elongation to 
failure). [2-31 Poor mechanical properties of welded plates were 
also reported using wires 4 and 7 with plate D. [2-31 For most 
of the welded plates, a SHT process increased the Charpy 
toughness of the materials. The toughness of the welded 
coupons, both ASW and SHT were the lowest for the E, F and 
G plates welded with wire 4. [2-31 The poor performance of 
weld Wire 4 was attributed to the high content of residual 
elements. [2-31 These residual elements include Fe, Mn, V, Cu, 
Si and C (Table 2 in Appendix A). The impurities in weld wire 
4 may have also produced higher corrosion rates, probably due 
to grain boundary segregation effects. 
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Figure 4. Corrosion Rates for ASW coupons 
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Figure 5. Corrosion Rates for ASW + SHT coupons 
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Figure 6. Corrosion Rates for ASW and 
ASW + SHT coupons 
Corrosion Rate from the Second Laver Coupons 
Figures 7 and 8 show the corrosion rates for coupons 
prepared from the second layer of the ASW and ASW + SHT 
plates, respectively. Compared to Figures 4 and 5 (top layer), 
the corrosion rates of the second layer coupons were lower, 
between 0.7 and 1 mdyea r  both for the ASW and ASW + SHT 
coupons. Figure 9 shows the corrosion rate for ASW and ASW 
+ SHT coupons prepared from the second layer. There is very 
little difference in the corrosion rate of these two types of 
materials when the corrosion rate is not affected by the external 
black scale on the plate. Figure 9 seems to suggest that the 
corrosion rate of ASW + SHT coupons was slightly lower than 
that of ASW coupons, showing the beneficial effect of SHT. 
Figures 10 and 11 compare the corrosion rate for'the top and 
second layer coupons for ASW and ASW + SHT coupons, 
respectively. In both cases, the corrosion rate of the second 
layer coupons was lower but this difference was larger for the 
ASW + SHT coupons since it contained a thicker black oxide 
scale on the surface. In both cases it can be seen that coupons 
welded with Weld Wire 4 gave higher corrosion rates. Figures 
12 and 13 show the appearance of the ASW and ASW + SHT 
coupons, respectively from the second laykr before and after 
the corrosion immersion tests. Both coupons show the etching 
of the weld after the immersion tests. In most cases the weld 
etching was less conspicuous in the ASW + SHT specimens 
than in the ASW specimens. Figure 12 shows the black bands 
of HAZ IGA at both sides of the weld while these bands are 
absent in Figure 13 suggesting a beneficial effect of SHT. In 
many of the corrosion tested coupons there were corrosion pits 
in the fusion line of the weld. Also some coupons showed 
cracks and apparent corrosion between passes of the weld in the 
cross section of the coupons. This attack does not seem to be 
important enough to be manifested as higher corrosion rates 
(Figures 4 though 11). That is, the corrosion rate was always 
the same regardless if the coupons had inter-pass attack or not. 
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DISCLAIMER 
This document was prepared as an accoutlt of work sponsored 
by an agency of the United States Government. Neither the 
United States Government nor the University of California nor 
any of their employees, makes any warranty, express or 
implied, or assumes any legal liability or responsibility for the 
accuracy, completeness, or usefulness of any information, 
apparatus, product, or process disclosed, or represents that its 
use would not infringe privately owned rights. Reference herein 
to any specific commercial product, process, or service by trade 
name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government 
or the University of California. The views and opinions of 
authors expressed herein do not necessarily state or reflect 
those of the United States Government or the University of 
California, and shall not be used for advertising or product 
endorsement purposes. 
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APPENDIX A 
Table 1. Approximate Average Chemical Composition of the NO6022 Plates (Heats A-G) 
ND = Not Detected (Below the Detection Limit) 
I I 1 I 
Table 2. Approximate Average Chemical Composition of the NO6686 Weld Wires (Heats 1-7) 
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Table 4. Corrosion Rate in ASTM G 28A of Coupons Prepared from Welded Plates 
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Table 5. Corrosion Rate in ASTM G 28A of Coupons Prepared 
from the Second Layer of the Welded Plates 
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